
have evolved to optimize steps other than just 
catalysis (such as the binding of substrates and 
the release of products), the model used by 
the authors1,2 to design their enzymes doesn’t 
attempt to address these factors. This is under-
standable, because many of the finer features 
that provide enzymes with their unique prop-
erties are not yet understood. For example, the 
mutations introduced by the authors into their 
enzymes by directed evolution did not modify 
the active site itself, but occurred at neighbour-
ing positions (Fig. 1). The effect of some of 
these mutations can be easily understood with 
hindsight, but others are much less obvious. It 
was therefore wise of the authors to let nature 
lend a helping hand in their designs.

Nevertheless, these results1,2 are a milestone 

in biochemistry. For the first time, artificial 
enzymes have been designed for non-biological 
reactions, providing rate accelerations that are 
about 1,000 times faster than previous exam-
ples of computationally designed enzymes. 
Biochemists have long wanted to build artifi-
cial enzymes to identify and validate the mini-
mal requirements for enzyme-like catalysis. 
These reports provide an accurate framework 
for this enterprise to which further features can 
be added. As Röthlisberger et al.1 note, the abil-
ity to design enzymes will truly test our under-
standing of enzyme catalysis. ■
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DEVICE PHYSICS

Chance match
Robert M. Westervelt

A clever device uses the quantum statistics of electron tunnelling to match 
image patterns. The circuit is low-power, works at room temperature — and 
could point to a way forward for silicon electronics.

uses: extracting a simple conclusion from a great 
body of input data, for instance.

Nishiguchi et al.4 build on previous work6–8 
to construct a simple pattern-matching circuit 
using a basic building-block of two transistors 
(more precisely, metal–oxide–semiconduc-
tor field-effect transistors, or MOSFETs) pat-

terned on a silicon-on-insulator wafer. They 
trap and store single electrons on the first of 
these nanoscale transistors, the ‘T-FET’. They 
are able to reduce the rate at which electrons 
tunnel quantum-mechanically into a storage 
node on the T-FET to very low levels of around 
one per second. The authors show that the 
trapped electrons obey Poisson statistics, 
and represent a statistically random source of 
events that can be used for stochastic signal 
processing9.

The job of the second transistor that makes 
up the authors’ processor, the ‘D-FET’, is to 
detect the number of electrons stored in the 
T-FET. It does this through a capacitative coup -
ling: as the number of electrons stored in the 
T-FET increases, the current passing through 
the D-FET is progressively reduced. The coup-

ling is sensitive enough that the 
tunnel ling of a single electron into 
the T-FET is registered as a discrete 
drop in current in the D-FET.

To perform pattern matching, 
the individual bits of an input image 
must be compared with those of a 
reference image. Nishiguchi and 
colleagues set an input bit, i, to 0 or 
1 by stepping the input ‘source’ volt-
age of the T-FET. Similarly, they set 
a reference bit, r, by changing the 
T-FET’s ‘gate’ voltage, which con-
trols the passage of current from 
the source into the storage node 
(Fig. 1). When i = 0, the tunnelling 
rate into the T-FET is negligible. 
When i = 1, tunnelling occurs, and 
the number of electrons stored in 
the T-FET slowly builds up. The 
precise rate of this tunnelling is 
controlled by the gate voltage, and 
thus the reference bit: it is large 
when r = 1, and small when r = 0. 

Essentially, this set-up creates 
a detector that flags up when the 
input and reference bits are both 
on, i = r = 1: in this case, electrons 
build up in the T-FET particularly 
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Over the past three decades, as the components 
that make up integrated circuits have been 
made smaller and smaller, the power of com-
puter chips has grown exponentially, even as 
their cost has fallen drastically. But sooner 
rather than later — by around 2020, according 
to one estimate1 — the scaling-down process 
will become difficult to maintain2,3. 
The energy required to represent 
a bit of information will become 
larger than the heat that can be car-
ried away from a tiny circuit element; 
what’s more, as devices approach 
the size of atoms, quantum-physical 
phenomena will become important, 
changing even the ground rules of 
how bits are processed. Writing in 
Applied Physics Letters4, Nishiguchi 
et al. detail what might be one way to 
circumvent, and even exploit, these 
issues. They describe a circuit that 
allows them to perform the comput-
ing operation of pattern matching by 
harnessing the stochastic, quantum-
mechanical tunnelling of single elec-
trons into a transistor5.

Pattern recognition is a natural 
enough task for people, but is often 
difficult for computers. We would like 
our computer processors to be like us 
and recognize an object (a cat or a dog, 
say) in a photographic image, under-
stand the meaning of spoken words, or 
translate efficiently from one language 
to another. But pattern recognition 
also has more abstract, fundamental 

Figure 1 | Dual processor. Nishiguchi and colleagues’ pattern-recognition 
processor4 uses two basic components that each consist of two 
capacitatively coupled transistors: a transfer transistor (T-FET) and a 
detector transistor (D-FET). The probability that an electron will tunnel 
from the source of the T-FET, under the gate and into the storage node is 
determined by the source voltage, which is set by the value of a bit i in the 
input image, and by the gate voltage, which is set by a bit r in the reference 
image. The more electrons accumulate in the T-FET storage node, the 
lower the current that flows through the capacitatively coupled D-FET. 
In the instance depicted, both the input and reference bits are turned 
on, i = r = 1, and electrons accumulate in the storage node, reducing the 
detector current. The second unit (right) is fed with the inverse inputs 
of the first, ī and r̄. If the original inputs were matched at 0, the inputs 
here would be 1, and this half of the processor would record the depleted 
current characteristic of matched bits. (Figure adapted from ref. 1.)
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fast, and the current passing through the 
D-FET decreases rapidly. To recognize a 
pattern of bits such as that in an image — a 
series of 0s and 1s — a second unit is required 
that responds similarly when i = r = 0. This can 
be done simply by setting the T-FET source 
and gate voltages on the second unit to repre-
sent the logical inverses of whatever the input 
and reference bits are on the first unit. The 
output currents from both D-FETs are then 
added together. The result is the equivalent of 
an exclusive NOR logic gate: it flags up through 
a sharp drop in current whenever the input and 
reference bits match up (whatever the values 
of those bits are), but does not respond when 
they differ.

The authors demonstrate the principle of 
pattern matching using the circuit by feeding 
it sequentially with four bits representing an 
image of the letter n, and comparing it with 
four four-bit reference sequences encoding the 
letters n, c, o and u (Fig. 2a). The total error was 
found in each case by summing the number 
of electrons collected in the two T-FETs, as 
deduced from the drop in summed D-FET 
current. When the reference coding for n was 
used, the current drop was by far the greatest 
(Fig. 2b).

Nishiguchi and colleagues’ advance is oppor-
tune for two reasons. First, it comes at a time 
when computing is moving away from single 
processors towards many processors operat-
ing in parallel. ‘Cloud’ computing, which uses 
very many parallel processors, is what allows 
search engines such as Google to provide rapid 
answers to our web enquiries, and now even 

Figure 2 | Comparing 
letters. a, Images of the letters 
n, c, o and u can be translated 
into sequences of four bits 
(working clockwise from the left 
of each letter). b, Nishiguchi et 
al.4 test their pattern-matching 
processor by sequentially 
feeding in the source image bits 
encoding n, and comparing them 
in turn with reference bit strings 
for n, c, o and u. The first bit in 
each reference sequence is 1, so 
the technique cannot distinguish 
between them — the detected 
current falls similarly for each. 
But as subsequent image and 
reference bits differ, the currents 
registered for those reference 
images increase — until after all 
four bits, the ‘winning’ reference 
image, n, is clearly marked by 
its low detector-current signal. 
The individual steps in the 
current record correspond to 
the tunnelling of individual 
electrons into the processor; the 
sharp steps in output current 
at the transitions between bits 
occur because the D-FET picks 
up changes in T-FET source and 
gate voltage. (Figure adapted 
from ref. 1.) 
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QUANTUM INFORMATION 

Stopping the rot
Philip C. E. Stamp

Uncontrollable outside influences undermine the whole enterprise of 
quantum computing. Nailing down the sources of this ‘decoherence’ in a 
solid-state system is a step towards solving the problem. 

In the quest for a quantum computer, no obstacle 
is more formidable than decoherence — the 
‘collapse’ of an information-encoding quantum 
wavefunction when it couples to its surround-
ings. We pressingly need to understand what 
causes it, how it works and how to get rid of 
it. Bertaina et al. (page 203 of this issue)1 have 
passed a milestone on that road. They report 
the first observation of Rabi oscillations, a 
signature of coherent spin dynamics, in a 
magnetic molecule of a kind envisaged as the 
basic physical carrier of a ‘qubit’ of quantum 
information in a quantum computer. Perhaps 
more importantly, they have also succeeded 
in pinpointing the sources of decoherence in 

their system, and so taken the first step towards 
eliminating them.

Magnetic molecules come in all shapes 
and sizes, and have spins with values ranging 
from 1/2 , the smallest that quantum theory 
allows, to more than 30. Their great advan-
tage for making qubits is that all molecules of 
a species are the same, and have a structure 
governed purely by quantum mechanics. The 
authors focus on the vanadium VIV

15 molecule, 
which, at just over a nanometre in diameter, is 
small-to-middling in size. It has an interest-
ing spin structure, in which 15 vanadium ions, 
each with a net electronic spin of 1/2, couple 
strongly into three groups of five.

many laptop computers contain chips that 
have two or more processors, or ‘cores’. In this 
multi-processor environment, it is increasingly 
likely that we would wish to add special cir-
cuits dedicated to a single purpose, such as the 
fundamental task of pattern recognition. 

Second, we are now recognizing that entirely 

new chip architectures and new approaches 
to computation are needed to continue the 
rapid growth in computing power to which 
we have become accustomed1–3. To that end, 
the semiconductor industry has developed 
a set of goals3 for research aimed at produc-
ing truly nanoscale switches with low power 
requirements that work at room temperature. 
Nishiguchi and colleagues’ circuit is a mean-
ingful step in this direction: it uses silicon-
on-insulator circuits that are compatible with 
conventional silicon technology, it works at 
room temperature, and it can respond to the 
stimulus of just a single electron. 

In its present form, this work4 represents 
just a proof of principle. But extended to a 
system that can handle many bits, such single-
electron circuits that exploit stochastic quan-
tum-mechanical effects to produce low-power 
devices could be an important part of a brave 
new electronic future.  ■
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